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1.0 Introduction:

“Thisymanua1 is intended for ﬁse‘by,individuals involved in New
Source Review (NSR) and Prevention of Significant Deterioration (PSD)
permitting. A rudimentary know]edge of the permitting process for new
sources of air emissions is requ1red Specifically, individuals
should have a basic understanding of -two things: the process by which
New Source Performance Standards (NSPS) are developed and the
requ1rements of Best Available Control Techno?ogy (BACT).

The manua1 is divided into two sections. The first section
ana]yzes the BACT portions of all PSD permits issued in the U.S.
between 1981 and 1984. The ultimate goal of this analysis is to
determine Qhether‘reQUiring PSD applicants to consider applicable
control alternatives would result in more stringent BACT emission
rates. , '

The second section discusses the PSD permitting process and
highlights those portions of PSD applications that are most relevant
to BACT decision-making. A subsection examines how toxic air

s

poliutants (TAPs) might be best folded into the BACT process. Included .

are an examination of TAP control technologies and suggestions for
ways to evaluate TAP health risks. Four Appendices are also included.
Appendix A describes references that may assist those responsible for
preparwng and eva]uat1ng PSB permit app11cat1ons. Append1x B lists
402 chemicals recently T1sted by EPA as acutely tox1c and Append1x c
contains 1nformat1on on known and suspected human carcxnogens.
Appendix D lists source categories by SIC code and the toxic air
pollutants typically associated with those sources.
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2.0 VALUE OF REQUIRING BACT ALTERNATIVES

This first section analyzes PSD permits to determine whether the
stringency of BACT decisions 15 related ih any way to. the number of
BACT options considered either by the applicant or the review agency.
Evidence from PSD permits issued from 1981 through 1984 Suggests that
more stringent emission controls may result when two or more control
alternatives are considered for partlculate matter (PM), ‘oxides of
n1trogen,(NO ), or sulfur dJox1de (SOZ) Howeyer, slm111ar
conclusions cannot be made for carbon monoxidg (CO)‘begause
alternatives were considered in only a few of‘the'BACT analyses for CO
emissions in permits issued between 1981 and 1984 (Hayes,'1985)
Similarly, it is difficult to assess degrees of str1ngency for many
VOC control options because their contro] efficiencies are difficult
to quantify.

In the following comparison, all BACT analyses in the PSD permits
were divided into one of three categories based on the number of BACT
options considered: |

e  zero alternatives,

) one alternative, and

(] two or more alternatives.

Control stringency was ana]yzed by comparing permits with one BACT
alternative to perm1ts conta1n1ng two or more aTternat1ves The zero
alternatxve perm1ts were om1tted from the analys1s for reasons
dlscussed be]ow.

2.1 PSD PERMITS WITH NO BACT ALTERNATIVES
There are a number of reasons why no BACT alternatives are
considered in many PSD applications. Some PSD permits simply dfe not
completely fulfill all BACT analysis requirements. This is apparent
when no control alternatives are considered and the proposed BACT
" control is_generaTTy not the fbest" control.
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For certain pollutants, emission controls options are very
Timited. For these pollutants or processes, only one feasible control
option may exfst, For example, there are few control alternatives
(other than incineration) for CO emissions.

Certain PM, SOZ’ and NOx emfésion controls have become
unofficially accepted as being the "best". For instance, for PM, a
" fabric filter or high efficiency electrostatic precipitator has become
" a staridard "best" PM control device for stack (not fugitive)
emissions. Whenever the "best" control device is preselected by the
applicant, and no significant environmental, energy, or economic
impacts exist, the applicant generally does not analyze alternatives.

As one would expect, BACT stringency often exceeds the NSPS level
when the "best" control is ‘selected.” As shown in Table 2-1, for PM
and 502, a relatively high percentage of the "zero" alternative PSD
_permits show BACT to be more stringent than the relevant NSPS Tevel.

2.2 PSD PERMITS WITH ONE CONTROL ALTERNATIVE
Compared to those PSD permits that consider no BACT alternatives,
~ permits that consider one altermative tend to be less stringent. In
fact, it appears that the BACT aﬁa1y$és wherein only one alternative
is presented results in the least stringent controls. Table 2-1
‘combares, for PM, soz, and NOX, the sfringéncy of BACT.re1ative‘t0
'NSPS to the number of BACT control options considered. For all three
~pollutants, the percentage of ‘zerd* alternative permits with a BACT
" rate more sfringent than fﬁé‘ahplitébTé NSPS({is greater, than) when
only one alternative was considered. . Although this result appears to
be counterintuitive, there is a logical explanation.

A common instance of "one alternative"” BACT analyses appears to
be when the BACT control level has been pre-determined by the
applicant. In these cases, the chosen BACT control is usually less
stringent than the "best" technology and may or may not be equal to
the NSPS level. In such circumstances, the applicant may include one

' alternative in an effort to justify the preselected BACT option.
Since preselected BACT levels are generally less restrictive than

2-2
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TABLE 2-1. BACT DECISIONS INVOLVING THE NSPS FOR PM, SOZ’ AND NOX
' (From 397 PSD Permts Issued from 1981 - 1984)
Number of Control Alternatives
Pollutant Status ~Zero  One  More than 1
PM _BACT. Rate = NSPS 64 14 29
BACT Rate more
stringent than NSPS 44. 4, 16 -
Percent more stringent 41 22 36
NOx BACT Rate = NSPS 109 85 53
BACT Rate more
str1ngent than NSPS 14 4 27
Percent more strlngent 11 4 34
S0, BACT Rate = NSPS 101 22 29
BACT Rate more
str1ngent than NSPS I64 5 10
Percent more str1ngent 62 . 19 26

Source: Hayes, 1985; pp.:82—847h
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‘those attainable with the "best" technology, the one alternative
~option is likely to be less restrictive than the™no alternative’
control option. '

2.3 PSD PERMITS WITH TWO OR MORE_CONTROL ALTERNATIVES

* Since many "zero alternative" permits already have the "best"
controls, comparing zero alternative permits. to those with one or more
alternatives is c]ear]y‘in¢orrect and will Tikely produce misleading
“results. Instead, ‘one alternativé‘permits are used as the baseline
-case for comparison to the two or more alternatives case. As compared
to permits with one BACT alternative, permité that include more than
one alternative are more 1ikely to have considered more alternatives
as potent1a1 BACT contro] options.

Figure 2-1 shows those BACT decisions where the permitted control
technology is more stringent than the applicable NSPS comparing those
cases whereih one and more than one contro]‘dptions wsre considered.
The percent of PM, S0,,and N0, BACT decisions more restrictive than
the NSPS for the one control alternative is compared to the two or
more alternative case. For each p611utant, the percent of BACT
decisions more stringent than the NSPS is higher when two or more
a]ternat1ves are considered than when only one- alternative is
considered.

These results suggest that those responsible for PSD permitting
should req&ire analysis of all potentially applicable control options,
especially when considering BACT for PM, SOZ, or NOX emissions. This
would result in more meaningful data and more options upon which to
make sound BACT decisions.

2-4
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3.0 A?PROACHES'IO‘BACT/LAER ANALYSIS

The preventlon of s1gn1f1cant deter1oratlon (PSD): regu]at1ons are
‘des1gned to ma1nta1n air qualxty 1n areas a1ready hav1ng clean air.
An area is atta1nment for a part1cu13r po]]utant 1f the concentration
of the pollutant . in the area is below the 1eve1 des1gnated by the
National Ambient A1r Quality Standards (NAAQS) '
PSD regu]at1ons app1y to a]l areas des1gnated e1ther "attainment”
or unclassified for any cr1ter1a po]]utant ~ For examp]e, suppose a
‘hypothet1ca1 county was attaxnment for SO2 but nonattaxnment for PM.
A new industrial source w1sh1ng to Tocate in this county whose only
emissions were PM would not be subJect to PSD regu]at1ons, although
the source. wou?d have to comp}y wwth nonattalnment portwons of the
state 1mp1ementat1on pTan (SIP) 1nc1ud1ng ]owest achlevab}e emission
i rates (LAER) and emission offsets However, 1f thws source also
" , emitted SO2 in. s1gn1f1cant amGUnts, then that source wouid be required
to also obta1n a PSD permxt for 502 prtor to commencwng construction.
Every- potentlal source subJect to PSD regu1at1ons must perform
= "~ the f011ow1ng three an&lyses for each po}?utant emltted in sxgn1f1cant
quantities: =

1

1 1 M1

i

‘ o a BACT analysis, -
7 0 an air quality impacts analysis, and

} Ths o an additional impacts analysis. ,
f E}% o Each of these is d15cussed in detail in- the PSD Workshop Manual (EPA,
P 1980) - Specific port1ons of the BACT and the additional impacts

analysis not covered in the PSD WOrkshop ‘Manual are discussed below as
‘well as some suggest1ons for other approaches to these analyses.
Two s1m11ar yet sTightly d1fFerent approaches are available for
determining BACT and LAER: the "bottom- up" and the "top-down”
- approach. The differences 1n these two approaches are d1scussed below
. and an example is prov1ded to 111ustrate the d1fferences




3.1 BACT BOTTOM-UP APPROACH .
The bottom up approach for determ1n1ng the BACT (and LAER) is L
d1scussed in detail in the PSD Workshop Manual issued in October 1980
by EPA’S Offwce of A1r, No1se, and Rad1at1on and the Office of Air
Qua11ty P1ann1ng and Standards (EPA 1980) The steps in the bottom
v““ Mare d1scussed br1ef1y be]ow, fo]]owed by an example.
| The‘ftrst step xn the bottom up approach 1s to determ1ne the
pol1utants ‘and the em1ss1on un h i BACT ‘(and LAER) Such M
units can include e1ther proce S or fugitTVe‘em1ss1ons but not e
secondary em1351ons.” Secondary emtss1on3“are those that result —
1nd1rect1y from constructTOn at a maJn urce but are not under ;‘
direct control of the soorce ‘””‘“‘” R ‘ _
In the next step, a base case is chosen that reflects the controt
option that wou]d have been e1ther requrred or chosen in the absence
of BACT (or LAER) dec1s1onmak1ng.m A]ternat1ve contr01 strategies
more str1ngent than the‘base case‘are then chosen that have been
demonstrated to operate etf1c1ent1y on 1dent1cal or similiar
processes Contro1 atternat1ves can be 1dent1f1ed in ‘sources such as
the BACT/LAER C]ear1nghouse, the‘Ca11Forn1a Alr Resources Board
Automated A1r Database or the Rad1an/EPA 'New Source Review Database.
The chosen alternat1ves shoqu afford greater Tevels of control than
the base case. Each control option should be evaluated for its (1)
"economic (2} energy and (3) environmental jmpacts. The control
strategy with the Towest 1eve1*of overa17 impacts for the cost is
generally considered to be BACT ‘
In the following example, the proposed progect cons1sts of
- installation and operation of a new 260 m11110n Btu/hr coal-fired
boiler at an industrial site in eastern North Carolina. Coal will be

- 1

1

7

-transported to the site by rax? and stored in a 1.5 acre coal storage _J
pile. e ‘

The first step in the PSD perm1tt1ng process is to determine -7
which pollutants emttted by the. source must be analyzed for BACT. -
Table 3-2 gives. the criteria po]lutant em1531on increq.es for the new B

L)

boiler. The net increase in emissions exceeds the PSD de m1n1mus

emission rate for SO NOX, and PM.

2’

1
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" TABLE 3-2. CRITERTA POLLUTANT EMISSIONS FROM A
1260 MILLION BTU PER HOUR COAL-FIRED BOILER

- PSD Significant

Criteria - ‘Net Increase Emission Rate
Pollutant ' (tons/year) . (tons/year)
50, 730.4 | 40

NG, 520.6 40
PM - 320.1 25

co - 92.6 | | 100

voC . 6.5 . 40

Pb ' : 0.5 | 0.6

L 3
3-3
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- The following section analyzes only the BACT for PM emitted from
the boiler. A complete PSD application would include a BACT analysis
for SOZ’ NO » and -PM emitted from the bo1ler and for PM for each point M
in the coal and ash’ hand11ng process from whxch PM em1ss1ons are |

released
Tab]e 3-3 115*5 the most common alteirnutive controls for PM

. emissions from the boiler. An alternative control strategy, to be
considéred as BACT, cannot produte emissions in excess of any B
app11cab1e NSPS or the allowable emission levels of an app11cab1e SIp. mJ
The new source performance standards Timit PM emissions to 0.10 1b per
million Btu heat input (40 CFR 60.42) from fossil-fuel-fired steam
generators of more than 250 million Btu per hour. As shown in Table
3-3, only the multiclone cannot meet the NSPS level of 0.10 1b per
million Btu. Thus, each cpntrq]talternative except the multiclone is
included in the analysis of BACT.

The next step is to determxne which control technoTog1es or
strategies best control PM emissions from boilers. The scrubber is
choosen as the baseline control technology because it offers the
Towest control level while still being no less restrictive than the
Aapplicab1e NSPS. Each control is then evaluated for its economic,
energy and environmental impacts. ’ ,

Table 3-4 shows the estimated economic impacts of the control
alternatives and Table 3-5 shows the controlled total PM emissions and
incremental emissions in tons'per year. Based on the numbers
developed in these tables, cost-effectiveness values in dollars per
ton can be calculated. Table 3-6 shdws both cost-effectiveness and
incremental cost-effectiveness values. The low-efficiency ESP has the
lowest total and incremental cost-effectiveness values. '

The next step involves estimating the energy impacts of each PM
control alternative. Energy consumption is shown in Table 3-7. Only
direct energy consumption is considered. Energy consumption used for

I

-

S

I

1

]

[

1

N B T

industrial processes, such as the associated energy costs for

x

manufacturing process materials, is not considered. Energy
consumption is also considered when calculating the operating costs in

the economic impacts analysis. The low- efficiency ESP unit is shown

3-4
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TABLE 3-3. PH CONTROL EMISSION RATES

' PM Control Strategies

Emission. Rate
(#/MM Btu Heat Input)

Percent Reduction

Multicyclone 0.15 85

Scrubber 0.10 90

Low-Efficiency ESP 0.08 95

High-Efficiency ESP . 0.03 99

Fabric Filter 0.03 99
3-5
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TABLE 3-4. ECONOMIC IMPACTS FOR PM CONTROL ON A
| 260 MM BTU/HR COAL-FIRED BOILER

B

r

, ' Annualized Costs ($1,000/yr)
Alternative Total | Incrementa1* []
Scrubber 554.3 - '
Low-efficiency ESP . 525.6 -28.7 {]
High-efficiency ESP 797.0 242.7
Fabric Filter 813.0 258.3

*
As compared to baseline costs of scrubber

1

]

-

-

L1 7

1

{
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TABLE 3-5. PM EMISSION IMPACTS FOR PM CONTROLS ON A
1260 MM BTU/HR‘COAL-FIRED BOILER -

Controlied PM Emissions (Tons/year)

PM Control . Emission Reduction  Incremental Reduction*
Scrubber 3200.0 -
Low-efficiency ESP 3377.8 - 177.8
High-efficiency ESP 3520.0 320.0

Fabric Filter . 3520.0 320.0

*
As compared to baseline emission reduction of scrubber.

3-7
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J
TABLE 3-6. COST-EFFECTIVENESS OF PM CONTROLS ON A
‘ - 260.MM BTU COAL-FIRED BOILER
Incremental [}
: ' Cost Cost ‘
| : Control Total PM Emissions  Effect.  Effect. [}
| Alternative = Annual Costs  Reduction ($/ton) ($/ton)
| M
! Scrubber 554,000 3200.0 173.2 - -
_ L
L
Low-efficiency :
ESP 525,600 3377.8 155.6  (-161.1) B
High-efficiency J
" ESP 797,000 3520.0 226.4 758.6
| . M
.Fabric Filter 813,000 3520.0 231.0 808.6 LJ
*Incremental cost-effectiveness calculated by dividing difference [j
in annual costs by difference in emissions reduction.
- ™
i

1

g

I

e B e
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TABLE 3-7. DIRECT TOTAL ENERGY CONSUMPTION FOR PM CONTROLS.
| ' ON A 260 MM BTU/HR COAL-FIRED BOILER

Incremental*
~Control Energy Consumption  Energy Consumption
Alternatives (MM Btu/yr) (MM Btu/yr)
Scrubber 2,450 - -
Low-efficiency ESP 596 . -1,854
High-efficiency ESP 2,200 - 250
Fabric Filter:

2,300 ' - 150

* ‘ ‘
As compared to scrubber energy consumption

39
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to have the 1owest energy impacts. Both the high-efficiency ESP and
the fabric filter consume less energy than the scrubber but more
energy. than the Tow-effiency ESP. I |

The environmental impacts of each a}ternative must also be
considered. The applicant must assess the relative ambient air
impacts of PM emissions by estimating stack parameters for each
alternative in order to create input for a dispersion model. The
modeling results show that, under‘the‘worst-case meterological
conditions, the ambient impacts of PM from the scrubber is
significantly different from the remaining three alternatives. In
. addition, the scrubber creates wastewater disposal problems while the
other three alternatives create fly ash disposal problems. The Tevel
of these environmental impacts can be seem in Table 3-8.-

To determine BACT, the economic, energy, and environmental
impacts are evaluated against each other. Table 3-9 contains the
impacts for each assessment category. As shown in Table 3-9, the low
efficiency ESP unit is clearly favorable to the scrubber in terms of
economic, environmental, and energy impacts. The low efficiency ESP

also is favored over the high-efficiency ESP and the fabric filter due

to its lower economic and energy impacts. The low-efficiency ESP has
a higher predicted maximum ground Tevel concentration but the
difference is insignificant. Based on these results, the
Tow-efficiency ESP is chosen as BACT for PM emissions from the coal
fired boiler.

3.2 BACT TOP-DOWN APPROACH .

The top-down approach to determine BACT (and LAER) works as
follows. The first step is to determine, for the emission source in
question, the most stringent BACT for a similiar or identical source
type. The most stringent BACT/LAER level is best determined from
information Sourcgs such as the BACT/LAER Clearinghouse, the
California Resources Board Automated Air Database or the Radian/EPA
New Source Review Database. If it can be proven that the chosen BACT

is not applicable or is technically or economically infeasible for the

source in question, the next most stringent BACT is choosen. The
process continues until the BACT/LAER level can not be eliminated.
3-10
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= ~ TABLE S.jfENVIRONMENTAL'IMPACTS OF PM CONTROL ALTERNATIVES

— - ON A 260 MM BTU COAL-FIRED BOILER

Wun? | ‘,‘ *

| Control Maximum GLC :

‘ Alternatives . , Impacts,(ug/mBX Other Impacts

il Co j

™ Scrubber 6.9 = Wastewater

b discharge

[: Low-efficiency ESP 2.1 3377.8 tons/yr
ash disposal

B

High-efficiency ESP 1.5 ' 3520.0 tons/yr

ash dispsoal

Fabric Filter 1.7 3520.0 tons/yr
‘ ‘ ash disposal
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The foTToW1ng analysis uses the top-down approach to find the
BACT for PM emitted by the same 260 MM Btu per hour coal-fired boiler
proposed for eastern North Carol1na Close éxamination of the
- BACT/LAER C]ear1nghouse shows that the most restrictive BACT emission

11m1t for a bo11er of thxs s1ze uses a fabric f11ter and dry scrubber
[j in. sequence to obta1n 0.02 1bs PM per m1111on Btu heat 1nput.
Upon further analys1s, the em1ss1on 1eve1 of 0.02 1bs PM per
[i MMBtu heat 1nput is found to be for a one thousand’ mz Btu per hour
 electric ut111ty coal fxred bo11er 1ocated in south central Co?orado
Ej The control 1eve} 1s extremely str1ngent due to the proposed 1ocat1on

of the bo11er thh1n 50 kilometers of two Class I areas.

The s1tuat1on for the proposed North Carolina boiler: d1ffers from
that of the Co1orado boiler in the fo]1OW1ng ways. The new North
Caro]1na bo11er w1]1 be Tocated 1n an area over 200 kllometers from
the nearest C]ass I area compared to the ‘Colorado boiler ]ocated
within 50 k11ometers of two Class’ 1 areas. In addition, thelmountaln
terra1n of Co]orado dictates a different modeling approach than that

"used for the fTat coasta? plains of eastern North Carolina. ' The
P d1ffer1ng cxrcumstances between the North Carolina versus CoTorado
= . bo11ers w1th regard to their source types (industrial and ut111ty
' bo11ers) CTass I area prox1m1ty and air quality modeling are each
alone serious enough to eliminate further consideration of the most
restrictive PM BACT as app}lcable to the North Carolina bo1Ter.
; -  In addition, the proposed ‘boiler is but one fourth theisize of

the boiler with the most. restrxctxve PM BACT Since many contro1
§§ | technoTOQTes have econom1es of scale, the most cost- effect1ve contro}s
L » for one size of bomTer may not be the most cost effective for a boiler
V é%  of a s1gn1f1cant]y different size. A]though control costs and
¥ ' cost effectwveoess do not enter into top-down decision- makxng as often

~as in the bottom up approach, in certa1n 1nstances control Eosts may
become the determining factor. - V

~ When plant or_process sxze is the only major d1fference between
. the most restrxct1ve BACT and the proposed BACT, a deta1?ed

cost-analysis may be necessary. If the most stringent BACT is for a
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process significantly larger than the proposed prOJect, it is
important that the costs of the most restrictive BACT be analyzed to
determine whether any economies ofmsca1e 1nherent in the Targer

proJect disappear for the smalle

The most. restr1ct1ve BACT m
reasons Just d1scussed ‘
clear that the most restr1ct1v
favor of. theqnext most str1ngeww ACT 1

The- next most restr1ct1ve BACT PM c
shows an em1ss1on 11m1t of 0. 03§b 1bs P \
high-efficiency ESP. ’ 3 ‘ kof 0. 035 1bs per MM Btu
heat 1nput) is found to be for a ut111ty b“ ler operat1ng at 500 MM
Btu heat input per hour burnlng a coa] w h extremeTy Tow resxst1v1ty
The high efflcxency of th1s BACT opt1on 2 Jn 1arge part to the
Tow resistivity of the coal. The proposﬂ ‘ ew‘boxler for ‘North
Carolina plans to burn a coal w1th a muchﬂhigher res1st1V1ty Because
the coal is highly res1st1ve, the use of o‘h1gh eff1c1ency ESP cannot
meet the controT Tevel of 0.035 1bs PM ppKEMM Btu heat input. One
solution to this approach is to mix Tow aod h1gh res1st1v1ty coal to
obta1n a combination such that an ESP can be effect1ve1y used. Upon
further study, it was found that Tow res:st1v1ty coaI was unavailable
at a competitive price. Due to these techn1ca1 and economic
constraints, this control optxon is droppod from further consideration
and the next most restr1ct1ve opt1on 15 exaaned

The next most restrictive control opt1on .or coal .fired boilers
was found to equal 0.05 1bs per MMBtu usrng a fabrtc filter. The
fabrxc filter is installed on a bo11er of 320 MM Btu per hour in an
area with terrain s1m111ar to that of the proposed boiler. The 0.05
1bs per MMBtu BACT boiler also burns a coa1 quite s1m111ar to that
proposed for the new boiler. Mo serious technzcal, envrronmentaT, or
economic objections could be found to eT1$1nate thrs 'BACT control
level. Thus, a fabric filter capable of ach1ev1ng 0 05 1bs per MM Btu
heat input is choosen as BACT for the proposed 260 - MM Btu per hour

coal fired bo1ler

trol forxcoa1 fired boilers
er MM Btu using a

3-14

Kz

T4

o I =

B R

r

]

L)

]

L]

]

1

N

AN S ANV D SR R S B S Y S N S R



3

ﬁ m f.:mg N

AT Y U1 T

o | ESU 1

C1 ) 1

Har xe

)

oy

ooinnn i

Lo

it s g
Lﬁ:w,\zr.u

31 ro o oo

Praft 1
~‘gy‘§a : : : 1/22/6

~f,I€ séems apparent that the bottom-up versus top-down approaches
may ‘not result in the same emission control level. The bottom-up
approach could result in Tess restrictive BACT levels vis-a-vis the
top-down approach pr1mar11y because the bottom-up approach starts
with the Teast restr1ct1ve a]]owable control while the top-down starts
with the most restrictive contro] level. However, if all feasible
control a1ternat1ves were required to be analyzed with the bottom -up
approach th1s bias may be e11m1nated '

3.3 TOXIC AIR POLLUTANTS (TAPs) 7

Toxic a1r emxssxons are an area of 7ncrea51ng concern to

~ individuals 1nv01ved in air perm1tt1ng ‘As the air toxics problem
grows in 1mportance perm1t eng1neers must deal with new emissions of
toxic air, po]lutants within the framework of PSD regu1at1ons. The
following section discusses when to consider TAPs, lists control
device features to consider when dealing with TAPs, and suggests
methods for evaluat1ng the rxsk of human exposure to TAPs.

3.3.1° when To Conswder TAPs ,
The first air tox1cs quest1on regu1ators face when dea11ng with
PSD permits is: Nhen shou]d TAPs be cons1dered in the PSD
.decws1onmak1ng process’ Any emission level of a TAP, especially if
‘, the TAP is carc1nogen1c, warrants the attention of the permxt
authorities. Even 1f the TAP is not carc1nogen1c, the non- -cancer
health risk 1mposed on the popuTatlon may require evaluation.
- Pollutants def;ned as toxic can generaITy be c?asswf1ed as either
. PM or VOCs. At a mxnxmum, TAPs should be regu}ated under PSD programs
as species of the crxter1a pol]utants whenever the crxterxa pol?utants
are subgect to revxew The ‘environmental 1mpacts of toxic species are
A'zmportant espeCIallyﬁwhen such impacts differ from those of the
criteria poT]utant. Some toxic compounds can pose significant health
risks even when emitted in small amounts. The‘BACT decision process
provides the opportunlty to minimize rxsks to human heaTth by
. contro]lxng TAP emissions.
The key to taking advantage of this opportun1ty is understandTng
the physical and chemical properties -of toxic species and how they

affect the degree of control afforded by conventional emission control
- 3-15
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systems. Large gains in toxic pollutant control can be achieved
simply by seTecting the contr01 strategy that optimizes control of the

 toxic species and wh1ch does. not s1g1f1cantly 1mpact e1ther the
_overa]l efficiency or cost of PM or‘VOC controh

A]though actua] test, data are 11m1ted opt1m1z1ng tox1c emissions
control ‘starts with understand1ng the. process by wh1ch the toxic
compounds. are generated and<the enV1ronment in wh1ch they are
available to be reduced Next a general understand1ng 1s needed of
how traditional contro] dev1ces will behave on 1nd1V1dua1 compounds
Much of this understanding 1s der1ved on theoret1ca] bases and is now
becoming better understood w1th actua] ‘test da a and parametrxc
studies. In many cases, contro] a]ternat1ves ach1eve the same degree
of PM or vocC contro] for about the same cost However, 1f one option
is more effective in control]1ng ‘toxic' spec1e(s), then that fact
shou]d be consxdered in. the f1na] ana1y51s d .

3.3.2 Techn1ques For Ident1fV1nq Substances As. TAPs ‘

One of the first obJectxves 1n opt1m1z1ng toxic emissions control
is to understand what substances are c]ass1f1ed as toxic and wh1ch
industrial processes produce these substances. The tables in
Append1ces B, C,-and D can he]p meet these obJectxves.,

Append1x B Tists 402 chem1cais recent]y d°s1gnated as acutely

" toxic by EPA. The EPA 1ist conta1ns both carcwnogenxc and

non- carc1nogen1c ‘substances. Append1x c contaxns three separate
tables T1st1ng known human carc1nogens (Table C- 1), probable human-
carcinogens (Table C- 2), and potent1a1 human carcxnogens (Table C-3).
The three append1x c tables a1so descr1be ‘the most common processes

from which each chem1cal 1s produced and the un1t ‘risk factor for each

substance {(if one ex1sts) Unit rrsk factors are discussed in detail

' in Section’ 3.3.5. Appendlx D lists source categor1es by SIC code and

the toxic air po]lutants assocqated with each source category.

Appendix D is helpful when one 15 attempt}ng to identify potential

poliutants from a part1cu1ar 1ndustr1a1 process. A fourth source

useful for determining whether a substance should be classified as a

TAP is the threshold limit vaTue tables publlshed by the American

Conference of Governmental and Industr1al Hygxen1sts (ACGIH 1984).
3-16
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The: substances Tisted by ACGIH are those common1y found 1n the
workroom env1ronment and include both carcxnogen1c -and ‘
non-carcinogenic substances. Based on the tables found in Append1ces

. B, C and D, and the substances listed by ACGIH, permit officials can

determine whether a potent1a1 new. source w111 ‘likely emit substances

- that can be classified as TAPs.

3.3.3 Toxic PM Control
The removal efficiency of the tox1c components of part1cu1ate

matter relative to the overall removal by PM control devices depends

on a number of physical and chemical factors:

the boiling point of the toxic substance,

the toxic particle size distribution in the emission stream,
the toxic particle dens1ty, and

the resistivity of the TAP.

Each of these'factors and how they govern actual control efficiency is
discussed below and summarized in Table 3-10.
ngure’3 2 i]lustrateS/average collection efficiencies for

various particulate removal equ1pment Fabric filters have the highest
- removal eff1cxenc1es for part1c1es of Tess than 1 micron in size.

Since a large varxety of toxic PM is emitted at sma]?er particle

. sizes, fabr1c filters are able to achieve high Jevels of TAP emission

reduct1on.
‘ The STZE d1str1but1on of TAPs ematted by coal and 011 fired
bo11ers has been W1de1y studied by a number of 1nvest1gators.7 One

 widely held’ theory designed to explaxn trace element behavior in coal

combustion systems is the voIatji1zat1on/condensat1on mechanism (VCM).
The VCM‘theory states that volatile species are vaporized and later

. condense or absorb onto ex15t1ng part1c1es accord1ng to the available
o surface area or condense homogeneous]y formwng f1ne part1c1es (Baig,
1981; p.3- 13)

The VCM theory describes why trace eTements'found in coal
combustion are enriched on small particles. For vaporized toxics, the
concentration on ash particles increases as ash particle size”
decreases. Smaller particles have a higher surface area relative to

3-17
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their mass than the larger particles and thus have more available area
on wh1ch trace elements can condense (Baig, 1981; pp. 3-13-3-14,
5- 10) ‘ I R ‘
‘ The VCM theory also exp1a1ns the d1str1butxon of eTements between
the fly and bottom ash E]ements that voTat111ze and recondense are
depleted in the bottom ash‘ nd concentrated in the fly ash because the
f1y ash has more re1at rface area than the bottom’ ash and because
the bottom ash does not‘”omefxn contact with the vo1at111zed elements
1ong enough and at suff1C1ent1y lTow temperatures for the elements to
condense Elements that do not vo]atxlxze are distributed evenly
between the fly and bottom ash ETements that only partially
voiat1]1ze are 1ntermed1ate between the f1rst two classes. And lastly,
e]ements that volatilize but do" not recondense are not captured by PM
control devices since they remaln gaseous (Baig, 1981; pp. 3-13-3-14).
Another 1mportant cons1derat1on especially for ESP units, is the
resistivity of the toxic PM spec1es Although ESP units are less:
sensitive to particle size than ventur1 scrubbers or fabric filters,
~ ESPs are more sensitive to both aeroso? den51ty and the electrical
- resistivity of the part1cu}ate The e]ectr1ca1 resistivity of
particles affects the attraction between the partxc]es and the
collecting plate (Purcell, 1985; p. 3- 40) The‘h1gher‘the
“resistivity, the Tower the overall col]ectxon'efficiency.'\Therefore,
the higher the resistivity of particleS‘containing one or more TAPs,
the lower the remova] efficiency of those TAPs by ESP units.

A technique has been developed to predzct the electrical .
resistivity of coal fly ash from an u]tlmate coal ana]ysxs and and
analysis of the chemical compos1tton of the coal ash (Btckelhaupt
1979). As yet no method has been developed to pred1ct the electrxcal
resist1y1ty of the individual species of which coal is composed.

302 and NO controls, although not traditionalT& associated with
PM reductxon, are capable of removing certain toxics from the emwss1on
stream. The most 519n1f1cant reductwon of toxic elements by 502
devices are for the semi- vo]att]e elements. The cooling of gas in the
FGD scrubber condenses the gases, resulting in control of the volatile
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1

elements. Toxic elements contained on particulates are also removed

B by«SOZ’scrubbers."’However,fthe primary method of removal for the less
volati1e e]emehts appears to’ be removal of the particles on which the
trace elements are ‘deposited (Ba1g, 1981; pp.5-33-5-42).

o NO contro1s do not result’ in the direct removal of toxic
" ‘eTements but by chang1ng combustxon conditions, may have an impact on
tox1c em1ss1ons * For examp]e NO combustion mod1f1cat1ons, such as
f]ue gas rec1rcu1at1on reduced a1r preheat, load reduction, or water

| 1n3ect1on, may Tower flame temperatures, resulting in less

' vo]at1}1zat1on (Baig, 1981; pp: 5-34-5-35)... A lower rate of TAP
volatilization implies that a higher percent of toxics will remain as.
particulate -matter to be captured by PM control devices. Thus, in
‘cases such:as this, NO controls of this type are synergistic with PM

" control insofar as maxxmlzwng control of tox1c pollutants.

NO controls are only successful at remov1ng those TAP trace

e?ements present in the fuel. In contrast, a class of TAPs known as

i

o

1

Lw‘i products of incomplete combustion (PIC) form from combustion
' - reactions. . Benzo(a)pyrene (B(a)P) is the most common PIC. Although

the ‘formation and behavior of PIC are a functioh‘of]many parameters,
o o ;nfactors that reduce combustion efficiency tend to increase PIC
= - formation.

e ‘ © Therefore, NO, controls such as water injection, that reduce
f e combustion efficiency, will result in less TAP vo]aﬁilizat&on and
§ e , ~_ higher TAP contral perhaps at the ~expense of greater PIC formation.
§ ~ . . Permit engxneers should be aware of this spec1f1c tradeoff and of
&éé L ‘other potent1al synerg1st1c and antagon1st1c effects that the various
: ‘control devices and techn1ques can have on TAP control
PP

3.3.4 Toxic VOC Control 3 N

. Numerous - advantages and disadvantages are associated with the
-removal of toxic poliutants by VOC control devices. For most devices,
| ~ removal efficiencies generally depend on the physical and chemical
,,[jﬁ . characteristics of the compounds to be controlled. The deTowing
~ds discussion identifies common VOC control strategies and the ,
characteristics to be kebt in mind when examining their capability for
TAP removal. |

3-21
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VOC control technology can be grouped into two general
categories. The first group includes devices that‘reduce the VOC into
constituent elements through . combustlon therma1 and cata}yt1c
1nc1nerat1on, flares, bo11ers and process heaters The second group
includes ‘devices that remove and/or recover the VOC from‘the‘em1ss1on
stream: carbon adsorbers, absorbers, and condensers i ~discussion
of these devices is taken pr1mar11y from Purce11 g1985‘ LT3L8-3-14.

" The following section a]so 1nc1udes Tables 3 11 and AuiZ. Tabtle
3-11 summarizes the key em1sslon and TAP stream charac; ‘sﬁjcs for
each VOC control device and Tab]e 3- 12 T1sts add1t1ona' ?siderations

to be kept in mind regarding these deV1ces

3.3.4.1 Thermal Inc1nerat1on For therma] destructxon,
residence time, mixing, and flame' temperature determine the degree to
which VOCs and individual species are destroyed.  Wide' fluctuations in
flow rate are not favorable to incineration because reduced residence
time and poor mixing lead to decreases in theccomp1eteness-of

¢ -

combustion.
There are a couple of ranking schemes currently in use by which

VOC destruction estimates are made: The most common amongst these is

m the heat of combustion method, the manner by which EPA has established

incinerability criteria. This method implies that the abililty to
complete1y destroy a VOC is directly proportional to its heat of
combustion.

3.3.4.2 Catalytic Incineratio | Catalytic incinerators are
similiar to thermal 1nc1nerators in des1gn and operation except the
former employ a catalyst to enhance the reaction rate. The catalyst
allows incineration to proceed at a Tower temperature than thermal
incineration, resulting in reduced energy cosis. ‘

~ Catalytic incineration is much more sensitive to pollutant

characteristics and process cohditions than is thermal incineration,
largely due to the presence of the catalyst. ~ The VOC emission
stream must be free from compounds that could erode, mask, or poison .

the catalyst.
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gjf Up to a certain point, a high VOC content in the emission stream

: is 'associated with a high VOC: destruction eFficiency. However, an
- ~.increase in the heat content of the emission stream may cause the
L catalyst to overheat and subsequently lost its ectivity,
o - | As withuthermalaincineretiEhs the ability of catalytic
L incineration to destroy a VOC ‘is proportionalﬁtb the VOC’s heat of

combustion. 'Since catalytic incineration operates at a lower
temperature than;thermaIfincineratiun, thevdestruction efficiency of a
VOC with a high heat of combustion may be 1ower with catalytic
incineration compared to thermal incineration.

1 i

3.3. 4 3 Flares. Flares can be used to control almost any
emission stream. ‘Flares are often used when the heating value of the
'em1551on‘stream cannot be recovered because of uncertain or
intermittént'flbws A 98-percent destruction efficiency can be
achieved by steam-assisted flares when the'emission stream heat
content exceeds 300 Btu/scf (see Table 3-11)."

o

1

k/“ g

3 3.4.4 Bal1ers And Process Heaters
~ Boilers and process heaters can be used to control toxic VOC
"HeMiss1ons.‘ Because bo11ers and process heaters are such a prevalent
o technology, enormous potent1a1 ex15ts for thEIY use as VOC combustion
devices. ‘
h Precautxons must be taken when bo17ers are used as VoC control
“'dev1ces. The minimum heat content of the VOC emission stream must be
150 Btu/scf; (Table 3-11) otherwise an aux1}11ary fuel must be added
‘ to raise the heat contentto this Tevel. ‘Low furnance temperatures
J éenNEause‘{nCOméTéfe‘CoﬁbusffOn’and‘réddce heat output. Boilers are
o - extremely sensitive to changes in process conditions. An increase in
[lﬁ ' the emission stream flow rate or a decrease in the emission stream
heat content can: affect boiler performance. ' ‘
- Boilers and process heaters can provide destruct1on efficiencies
exceed1ng 98 percent with nearly complete recovery of the emission
stream heat centent. However, the presence of corrosive compounds may

F

B

-affect performance and reliability.

3-27
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3.3.4.5 Adsorbers. Adsorber systems can use a variety of
‘absorbents such as carbon, silica gel, and activated alumina. The
“degree oF adsorpt1on depends on the characteristics of the absorbent
and the waste stream. ‘ R

Adsorber systems can handle wide fluctuations in the emission
stream flow rate, VOC content, temperature and moisture content. TAPs
must be able to adsorb onto and from the adsorbent. Removal
effioﬁenéy‘typiEaT]y increasedeith VOC molecular weight but decreases
with WOC volatility. = In fact, for carbon adsorption, VOCs with
boiling points less than 400 degrees F and molecular weights greater
than 130 are so strongly adsorbed that they are difficdlt‘to remove
from the carbon. Conversely,, volatile materiais with a molecular
weight less than 45 do not read11y adsorh onto carbon Adsorbers
operate at an optimum temperature betWEE: 100 and 200 degrees F.

High VOC concentrations may cause a rise in bed temperatures due
to heat of combustion.  In faet, bed flres may occur when the emission
stream contains oxygen and eas11y oxidizable compounds and when heat
generated due to adsorptwon/ox1dat1on of the VOC is not dissipated.

Waste d1sposaT may also '‘become a prob]em with carbon adsorption.

“mRecoyery of VOC m1sc1b{e\w;th water by decantation, distillation, or
‘extractions may ereate wasté&ater'problemSL ‘Additionally, the spent
adsorbent must be ewther regenerated or dtsposed of.

3.3.4.6 Absorgt1o n. Absorpt1on is another method commonly used
to remove organic vapors. The vVoC - shou]d be. read11y so]ub]e in the
so]vent,and,the soTventishou}d;be~ea511y_regenerated or disposed of.
Generally, changes in the flow rate, VOC content, and temperature of
the emission stream all affeCt absorber system berformebce. In
. addition, the effluent from the absorber system can create;wastewater
problems, especially in once- through systems.

3.3.4.7 Condensers.~ Lastly, condensers can be used to remove
VOCs from waste gases. - VOC removal with condensers is .a function of
the TAP vapor;pressure-temperature relationship, the TAP concentration
and the type of coolant used. Generally, the vapor pressure should be
greater than 10 mm Hg at room temperature. Condensers are also

3-28
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" Acutely Toxic Chemicals

Alphabetic List of Common Names and CAS Numbers

Common Name

Peracetic acid

Perchloromethylmercaptan

Phenarsazine oxide

Phenol

Phenol, 2, 2'-thiobis(4-chloro— -methyl-~
Phenol, 2,2'-thiobis[4,6-dichloro~-

Phenol, 3-(l-methylethyl)-, methylcarbamate
Phenyl dichloroarsine

Phenylhydrazine hydrochloride
Phenylmercury acetate

Phenylsilatrane

Phenylthiourea

Phorate

Phosacetin

Phosfolan

Phosmet

Phosphamidon

Phosphine

Phosphonothioic acid, methyl-, 0-(4-nitropheny1...
Phosphonothioic acid, methyl-, O-ethyl O-[4-...
Phosphonothioic acid, methyl-, S=[2-[bis...
Phosphoric acid, dimethyl 4-(methylthio)phenyl...
Phosphorous trichloride

Phosphorus

Phosphorus oxychloride

Phosphorus pentachloride

Phosphorus pentoxide

Phylloquinone

Physostigmine

Physostigmine, salicylate (1 l)

Picrotoxin

Piperldlne

Piprotal

Pirimifos-ethyl

Platinous chloride

Platinum tetrachloride

Potassium arsenite

Potassium cyanide

Potassium silver cyanide

Promecarb

Propargyl bromide

Propiolactone, .beta.-

Propionitrile

Propionitrile, 3-chloro-

Propyl chloroformate

Propylene glycol, allyl ether
Propyleneimine

- Prothoate

Pseudocumene
Pyrene

CAS Number

00079-21-0
00594-42-3
00058-36-6
00108-95~2"
04418~66-0

00097-18-7/

00064-00~-6!
00696-28-6
00059-88~1,
00062~-38-4|
02097-19-0'
00103-85-5,

00298-02-2 -
04104-14-7:

00947-02-4
00732-11-6

13171-21-6

07803-51-2

02665-30-7"

02703-13-1

50782-69=-9"
03254~63~5_

07719-12-2

07723-14-0-

10025-87-3
10026*13 -8
01314-56-3

00084-80-0
00057~47-6 -

00057-64~7

00124~87-8 -
00110-89-4

05281-13-0

23505-41~1

10025-65-7

13454~96-1

10124-50-2

00151-50-8

00506-61-6
02631-37-0

00106~96-7 -

00057-57-8
00107-12-0

00542-76-7

00109-61-5
01331-17-5
00075-55-8

02275-18-5

00095-63-6
00129-00-0.

§
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Page No. 5
11/01/85

Acutely Toxic Chemicals.

£

” Alphabetié List of ‘Common Names and CAS Numbers

Common Name

Methiocarb
Methomyl ‘

* Methoxyethylmercuric acetate
Methyl 2~-chloroacrylate ‘
Methyl chloroformate
Methyl disulfide
Methyl isocyanate

* Methyl isothiocyanate
Methyl mercaptan

* Methyl phenkapton
Methyl phosphonic dichloride

* Methyl thiocyanate
Methyl vinyl ketone
Methylhydrazine

* Methylmercuric dicyanamide

Methyltrichlorosilane

Metolcarb

Mevinphos

Mexacarbate

Mitomycln c ,

Monocrotophos

Muscimol

Mustard gas

Nickel

Nickel carbonyl

Nicotine

* Nicotine sulfate
Nitric acid
Nitric oxide

* Nitrocyclohexane
Nitrogen dioxide
Nitrosodimethylamine

* Norbormide

* Organorhodium complex

* Orotic acid
Osmium tetroxide

* Ouabain
Oxamyl
Oxetane, 3,3 bls(chloromethyl)

* Oxydlsulfoton
Ozone
Paragquat .

* Paraquat methosulfate
Parathion
Parathion-methyl
Paris green

* Pentaborane
Pentachloroethane
Pentachlorophenol

* Pentadecylamine

* * ¥ %

L

CAS Number

]

02032-65-7
16752=77-5 “
00151~38-2
00080=63~7
00079-22~-1
00624~-92~0 .
00624-83-9
00556-61-6
00074~-93-1
03735-23-7
00676-97~1
00556~-64~9
00078-94-4
00060~34~-4
00502~39-6
00075-79-6
01129-41-5'"
07786-34-7LJ
00315-18-4
00050-07-7
06923-22~4
02763-96-4
00505-60-2
07440-02-2{“
13463-39-3.
00054-11-5
00065~30-5
07697-37-2! |
10102~43-9
01122-60-7
10102-44-0
00062=75-9-
00991~-42~-4
PMN=-82-147
00065~86—
20816~12-0
00630-60~-4—
23135-22-( |
00078-71-7"
02497~07-6_,
10028-15- 5
01910-42-%
02074~50-2
00056-38-{ |
00298-00-(__
12002-03-8
19624~22-
00076-01~|
00087-86~

02570-26-5,

L
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Acutely Toxic Chemicals

Alphabetic List of Common Names and CAS Numbers

Common Name

Fluorouracil

Fonofos

Formaldehyde cyanohydrin
Formetanate

Formothion

Formparanate

Fosthietan

Fuberidazole

Furan

Gallium trichloride
Hexachlorocyclopentadiene
Hexachloronaphthalene
Hexamethylenedlamlne, N N'-dlbutyl-
Hydrazine

Hydrocyanic acid
Hydrogen fluoride
Hydrogen selenide
Indomethacin

Iridium tetrachloride
Iron, pentacarbonyl-

.Isobenzan

Isobutyronltrlle

Isocyanlc acid, 3,4-dichlorophenyl ester
Isodrin

Isofluorphate

Isophorone diisocyanate’

Isopropyl chloroformata

Isopropyl formate
Isopropylmethylpyrazolyl dimethylcarbamate
Lactonitrile

Leptophos

Lewisite

Lindane

Lithium hydride

Malononitrile -

Manganese, tricarbonyl methylcyclopentadlenylﬂ

Mechlorethamine
Mephosfolan

Mercuric acetate
Mercuric chloride
Mercuric oxide
Mesitylene

Methacrolein diacetate
Methacrylic anhydride
Methacrylonitrile
Methacryloyl chloride
Methacryloyloxyethyl isocyanate
Methamidophos
Methanesulfonyl fluoride
Me;hidathion

CAS Number

00051-21-8
00944-22-9
00107-16-4
23422-53-9
02540-82-1
17702-57-7
21548-32-3
03878-19-1
00110-00-9
13450-90-3
00077-47-4
01335-87-1
04835-11-4
00302-01-2
00074-90-8
07664-39-3
07783-07-5
00053-86-1
10025-97-5
13463-40-6
00297-78-9
00078-82-0
00102-36-3
00465-73~6
00055-91-4
04098-71-9
00108-23-6
00625-55-8
00119-38-0
00078-97-7
21609-90-5
00541-25-3
00058-89-9
07580-67~8
00109-77-3
12108-13-3

00051~75-2 .

00950-10-7
01600-27-7
07487-94-7
21908-53~-2
00108-67-8
10476-95-6
00760-93-0
00126-98-7
00920-46-7
30674-80-7
10265-92-6

00558-25~8.

00950-37-8
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Acutely Toxic Chemicals
Alphabetic List of Common Names and CAS Numbers

COmmon Name

Diethylcarbamazine citrate
Digitoxin

Diglycidyl ether

Digoxin

Dimefox

Dimethoate

Dimethyl phosphorochloridothiocate
Dimethyl phthalate

Dimethyl sulfate

Dimethyl sulfide
D1methyl-p-phenylenedlamine
D1methy1d1ch10r051lane
Dimethylhydrazine

Dimetilan

Dinitrocresol

Dinoseb

Dinoterb

Dioctyl phthalate
Dioxathion

Dioxolane

Diphacinone

Diphosphoramide, octamethyl-
Disulfoton

Dithiazanine iodide
Dithiobiuret

EPN '
Emetine, dihydrochloride
Endosulfan

Endothion

Endrin

Ergoca1c1ferol

Ergotamine tartrate
Ethanesulfonyl chloride, 2-chloro-
Ethanol, 1,2-dichloro-, acetate
Ethion

Ethoprophos

Ethyl thiocyanate
Ethylbis(z—chloroethyl)amlne
Ethylene fluorohydrin
Ethylenediamlne
Ethyleneimine

Ethylmercuric phosphate
Fenamiphos

Fenitrothion

Fensulfothion

Fluenetil

Fluorine

Fluoroacetamlde
Fluoroacetic acid
Fluoroacetyl chloride

CAS Number

01642-54-1 |
00071-63-6
02238-07=5

20830-75-1 |

00115-26~4"
00060-51-5_
02524-03-6W
00131~11-2
00077-78-1
00075-18-1"
00099-98-¢
00075-78-5
00057-14-7~
00644—64~4‘
00534~52-1~
00088~85-7
01420-07- f“
00117-84=C-
00078=-34~2
00646~ os-@ﬂ
00082~66-6
00152-16-9
00298~04-4—
00514-73—ﬁj
00541-53~7
02104-64~5
00316~42-7] |
00115~29~7
02778-04~3
00072~20-8["
00050~14~6] |
00379-79-3
01522~32-arﬁ
10140-87~ 1¢“
00563-12~2
13194-48-4
00542-90-51
00538-07-8 L.
00371-62~0
00107-15-3 [
00151-56~4 | |
02235-25-8 .
22224-92-6
00122-14-5 | |
00115-90-2
04301-50-2
07782-41-4
00640-19-7
00144-49-0
00359-06-8 E
a
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. Acutely Toxic Chemicals

Alphabetié List of Common Names and CAS Numbers

Common Name

* Carbamic acid, methyl-, 0—[[(2 4-d1methyl...
Carbofuran
Carbophenothion
Carvone

.* Chlordane

Chlorfenvinfos
Chlorine
* Chlormephos
Chlormequat chloride
Chloroacetaldehyde
Chloroacetic acid
Chloroethanol
* Chloroethyl chloroformate
Chloromethyl ether '
* Chloromethyl methyl ether
Chlorophacinone
* Chloroxuron
* Chlorthiophos
Chromic chloride
Cobalt
Cobalt carbonyl
* Cobalt, [[2,2'-[1, Z-ethanedlylbls(nitrllomethy...
* Colchicine
Coumafuryl
Coumaphos
* Coumatetralyl
- Cresylic acid
* Crimidine
Crotonaldehyde
Crotonaldehyde -
Cyanogen bromide
Cyanogen iodide
* Cyanophos S
cYanuric fluoride
Cycloheximide
Cyclopentane
Décaborane(14)
Démeton' :
* Demeton-s-methyl
* Dialifos
Diborane
Dibutyl phthalate
Dichlorobenzalkonium chloride
Dichloroethyl ether
Dichloromethylphenylsilane
Dichlorvos
Dicrotophos
Diepoxybutane ‘
Diethyl chlorophosphate .
. Diethyl-p-phenylenediamine ,

CAS Number

26419-73-8

01563~66-2.

00786~19-6

02244~16-8"
00057-74-9,
00470-90-6"

. 07782-50-5

24934-91-6
00999-81-5,
00107-20-0
00079-11-8
00107-07-3
00627-11-2
00542-88-1
00107-30-2
03691-35-8

01982-47-4:

21923-23-9

10025~73=7
07440-48-4
10210-68-1"

62207=76=5
00064-86-8
00117-52-2
00056-72=4
05836-29-3
00095-48~7
00535-89-7

00123-73-9 -

04170-30-3
00506-68-3
00506~78-5

02636-26-2
00675-14-9 .

00066-81-9
00287-92-3
17702-41-9
08065-48~3
00919-86~-8
10311-84~-9
19287-45-7
00084-74-2
08023~-53-8
00111-44-4

00149-74-6
00062-73~-7

00141-66-2

01464~-53-5

00814-49-3
00093-05-0




R

Protection Agency, November, 1985.

N 'y
i )
 Page No. 1 b
11/01/85 —_
|
Acutely Toxic Chemicals L
Alphabetic List of Common Names and CAS Numbers
COmmon Name CAS Numbe| |
Acetone cyanohydrin 00075-86~ |
* Acetone thiosemicarbazide 01752-30-%
Acrolein 00107-02-8
'Acrylyl chloride 00814-68~-
Aldicarb’ 00116-06-__
Aldrin 00309-00-2.
Allyl alcohol 00107-18="
Allylamine 00107-11-
Aluminum phosphlde 20859-73-@
* Aminopterin 00054-62
* Amiton 00078-~53
* Amiton oxalate 03734-97‘
Ammonium chloroplatinate 16919-58=-7
* Amphetamine ooaoo-ez-{“‘
* Aniline, 2,4,6-trimethyl- 00088-05-__
Antimony pentafluoride 07783~-70~2
* Antimycin A 01397-94<"
Antu- 00086-88~
* Arsenic pentoxide a 01303-28~2
Arsenous oxide 01327-53~
Arsenous trichloride 07784-34~
Arsine 07784~ 42JT
* A21nphos—ethyl 02642~ 71-9
Azinphos=-methyl 00086—50J3
* Ba01trac1n 01405-874
Benzal chloride 00098-87-3
Benzenamine, 3=-(trifluoromethyl)- OOOQS-ISTﬁ'
Benzene, l-{(chloromethyl)=-4-nitro=- 00100-14Jj
* Benzenearsonic acid : 00098-05~-5
Benzenesulfonyl chloride 00098~-09-9
Benzotrichloride £ 00098-07- |
Benzyl chloride 00100-44J”
. Benzyl cyanide 00140~-29~-4
* Bicyclo[2.2. l]heptane-z-carbonltrlle, 5-chloro.. '15271-41fﬁ
* Bis(chloromethyl) ketone _ o 00534-07-__
* Bitoscanate 04044-65-9
Boron trichloride 102294~ 34*“
Boron trifluoride 07637-07{M
Boron trifluoride compound w1th methyl ether (l:1) 00353-42~-4
Bromadiolone S : 28772-56-7,
Butadiene 00106-99ﬂj
Butyl isovalerate 00109-19-%
Butyl vinyl ether 00111-34- 2
C.I. basic green 1 00633~ 03-,
Cadmium oxide 01306-19-
Cadmium stearate 02223-93-0
Calcium arsenate 07778-44-
Camphechlor 08001-35~j
* Cantharidin 00056-25~
* Carbachol chloride o 00051—&3?2
Chem1ca1 Emerqencv Preparedness Praqram InterTm Gu1dance, U S. Env1ronmental ﬂd
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Baig, S, et. al., Conventional Combustion Environmental Assessmenf
Final Repert for Industrial Environmental Research Laboratory,
Research Triangle Park, North Carolina, July, 1981.

- Evaluates stationary conventional combustion process emission
stream characteristics that influence or affect the amount of
noncriteria pollutant releases to the atmosphere. Also examines
controllability of non-criteria po]]utants from stationary
conventional combustion sources. :

Purcell, Robert Y. and Gunseli Sagun Shareef, Evaluation of Contfo]
Technologies for Hazardous Air Pollutants (Draft), for Office of
Research and Development, U.S. EPA, October 1, 1985.

- This manual is designed to assist EPA regional, state and local
S air po11ution control agency technical personnel to select, evaluate,
and cost air pollution control techn1ques for reducing or eliminating
the emission of potentially hazardous air pollutants from industrial
and commercial sources. The ‘information provided in the manual w:l]
be useful for reviewing permit applications or for informing -
interested parties of the type, basic design, and cost of available
hazardous air pollutant control systems..

Christiano, John and Mark Scruggs, Permit Application Guidance for
New Air Pollution Sources - Natural Resources Programs, National Park
Service, Natural Resources Report Series No. 85-2., National Park
Service, Air Quality Division, Permit Review and Technical Support
.Branch, Denver, Colorado, August, 1985.

- " This document provides guidance to persons intending to
submit a PSD permit application for a major source that has the
potential to impact a Class I area managed by the National Park
Service or the U.S. Fish and Wildlife Service."

American Conference of Governmental Industrial Hygenists, TLVs,
Threshold Limit Values for Chemical Substances in Workroom Air Adopted
by ACGIH (Updated Annually)

- Defines TLV and presents TLV values for numerous substances.

U.S. EPA, Industrial Guide for Air Pollution Control, Technology
Transfer, EPA-625/6-78-004, June, 1978.

- Presents guideline for plant ébmpliance with air pollution

control regulations. Intended for industrial plant personnel
responsible for a corporate program of environmental control.
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U.S. EPA, Compilation of Air Pollution Emission Factors (AP-42),
Office of Air and Waste Management, Office of Air Quality Planning and :
Standards, Various Editions and Dates. | : }

- Contains equations that can be used to estimate emissions from
a variety of processes and source types. The equations are based on
analyses of actual source emissions, mass balance estimates, and
engineering judgement. - C

Vendor Information - numerous sources

NSPS/NESHAPS BIDs

. - Presents, for each requlated industry, the principal processes
and pollutants, emission estimates, potential emission controls, costs
of control and the economic and environmental impacts of control.

Neveril, R.B. Capital and Operating Costs of Selected Air Pollution
Control Systems (GARD Manual), GARD, Inc., Niles, ITlinois, for U.S.
EPA Office of Air and Waste Management and Office of Air Quality
Planning and Standards, Research Triangle Park, North Carolina,
December, 1978. '

~ -“Document was designed to assist in estimating the cost of air
pollution control systems.

: Uht, Vihceﬁt W. A Standard Procedure for Cost Analysis of Pollution

Control Operations: Volumes I and II, Office of Research &
Development, U.S. Environmental Protection Agency, EPA-600/8-79-018a,
June, 1979. ' ‘

- Presents a standard procedure for estimating engineering costs
of pollution abatement operations and processes.

U.S. EPA, Health Impacts, Emissions & Emission Factors for
Noncriteria Pollutants Subject to DeMinimus Guidelines and Emitted
from Statijonary Conventional Combustion Processes, Office of Air
Quality Planning and Standards, Research Triangle Park, North
Carolina, EPA-450/2-80-074, June, 1980.

‘ - Emission factors are developed for the trace elements emitted
by stationary conventional combustion processes subject to de minimis
guidelines (mercury, beryllium, fluorides, and sulfuric acid mist). A
Yack of information prevents development of emission factors for
asbestos and vinyl chloride. ‘

A-3
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 This appendix lists sources that may be valuable to those
involved in PSD permitting. A brief description is included after
each source 11st1ng " ' S

Hayes, L.C. et. a] Analys1s of New Source Review' (NSR)

| Pefh1tt1ng Experience - F1na1 Report, prepared for U.S. EPA Office of

Air and Radiation, U.S. EPA Office of Planning and Program Evaluation

and U.S. Office of Air Quality Planning and‘Standards,‘September 1985.

- This report summarizes data collected on New Source Review
permits issued from 1980 through 1984. The data was compared to New
Source Review data collected from 1979 through 1981

U.S. EPA Office of Air, Noise and Radiation and .Office of Air
Quality Planning and Standards, Prevention of Significant .
Deterioration Workshop Manual, October 1980.

- This manual is to designed to aid in understanding of the PSD
program gain. The manual describes the requirements of the federal

regu]atlons but does not describe the requirements des1gned 1nto each
state’s xmpiementat1on plan (SIP).

BACT/LAER Clear1nghouse - a Comp11at10n of Control Techno]ogy
Determinations

- Lists BACT and LAER determ1hat10ns submttted to the
Clearinghouse by state and locat air pollution control agencies. The

‘most recent version (May 1984) contains 900 BACT and LAER

determinations covering over 100 source categories and 2400 procésses
issued between 1980 and 1984.

Radian New Source Rev1ew Database

- Database that contains re]evant permit 1nformat1on including

BACT decisions, permlt data, air quality analysis, and processing
times.

California Air Resburces Board Automated Air~Database

- Lists BACT determinations submitted to the California Air
Pollution Control Office. For each source, the following is listed:
District, ‘Permit #, Issue Date, Project, Pollutant, Source Code,
Equxpment Type, Contro] Technology, Remarks, Deswgn Capacity, Emission
Limit, Other Limits, Efficiency Limit, Controlled Em1ssxon Rate,
Operatwng Hours, and Permitted Operating Level.
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REFERENCES D
. American Conference of Governmental Industrial Hygenlsts, TLVs, o '
j | Threshold Limit Values for Chemical Substances in Workroom Air 1
. Adopted by ACGIH, 1984 L

P Baig, S, et. al., Conventional Combustion Environmental

. Assessment Final Report, for Industrial Environmental Research
' Laboratory, Research Triangle Park, North Carolina, July, 1981.

N R

Bickelhaupt, Roy E. A Technigue for Predicting Fly Ash
Resistivity, Southern Research Institute for EPA Industrial
Environmental Research Laboratory and Offwce of Research and
Development, EPA-600/7-79-204, August 1979.

L]

Christiano, John and Mark Scruggs, Permit Application Guidance
for New Air Pollution Sources - Natural Resources Programs,
| National Park Service, Natural Resources Report Series No. 85-2.,
: National Park Service, Air Quality Division, Permit Review and
Technical Support Branch, Denver, Colorado, August,.1985.

1

Hayes, L.C. et. a]., AnaTvs1s of New Source Review {NSR) ;
Permitting Experience - Final Report, prepared for U.S. EPA

O0ffice of Air and Radiation, U.S. EPA Office of Planning and r
Program Evaluation and U.S. Office of Air Qua}1ty Planning and L;

Standards, September 1985.

f Purcell, Robert Y. and Gunseli Sagun Shareef, Evaluation of
L Control Techno1oq1es for Hazardous Air Po]lutants (Draft), for
' Office of Research and Development, U.S. EPA, October 1, 1985.

]

i ™

y Radian Corporation and JSCF,Inc, Final Work Products Supporting EJ
the Development of Toxic Air Pollutant Requiation for the State

s of Maryland, for EPA Region III, July, 1985a. ) -~

- Radian Corporation, North Carolina Air Toxics Survey -

- Identification of Pollutants of Concern and Potential Emissions

*% Sources, Final Report, for Air Quality Section, N.C. Division of [:

L Environmental Management and U.S. EPA Region IV, April 5, 1985b. >

Smith, S.A. Air Toxics Information Clearinghouse: Second Interim
Report of Selected Information on State and Local Agency Air
Toxics Activities. U.S. Environmental Protectlan Agency, Research

Tr1angle Park, North Carolina, March, 1985.

S T

U.S. EPA Office of Air, Noise and Radiation and Office of Air
Quality Planning and Standards, Prevention of Significant
Deterioration Workshop Manual, October 1980. - .
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species, f) determination of sensitivity of soil types, g)
calculations of loadings of pollutants in the subject area in relation
to natural inputs and‘buffering‘capabi]fties of subject ecosystems.
The PSD applicant is expected to put this information‘together
(Christiano, 19855 p.5).
3.4.7 Multiphase BACT Determinations

One additional problem that often crops up in PSD permitting
involves review of multi-phase project BACT determinations.
According to the Code of Federal Regulations (40 CFR 52.21(j)(4), for

phased construction projects, determination of BACT should be reviewed

or modified at the latest reasonable time occuring no later than 18
months prior to the start of construction of each independent phase of
a project. At that time, the owner or operator of the source may be
required to demonstrate the adequacy of any previous BACT

determination for the source (40CFR 52.21(j)(4)).
Approval becomes invalid if construction has not begun within 18

months after reciept of such approval, if construction is discontinued
for 18 months or more, or if construction is not completed within a
reasonable time. The Administrator may extend the 18-month period

- upon a satisfactory showing that an extension is justified. However;

‘this provision does not apply to the time period between construction
of the approved phases of a phased construction project; each phase

must start construction within 18 months of the projected and approved

commencement date (40CFR 52.21(r)(2)).

3-45
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2) - If increment exceedances are predicted by the new analysis,
develop a revision to the SIP to prevent such exceedances.

3)  Develop and implement a policy or regu1atioh requiring
short-term 1imits in PSD permits that adequately protect
short-term increments. | -

3.4.6 Additional Impacts (Class I Areas)
The additional impacts: analysis portion of PSD perm1ts examines a

project’s secondary economic impacts, the effect‘on soils and
indigenous flord, and visibility impacts on Class I areas. Techniques
for estimating these impacts are described:in the PSD workshop manual.
One facet of the additional impacts analysis not covered in the
workshop manual is the type of analysis required if a project is
expected to affect a designated Class I area,

The Federal Land Manager is rout1nehy not1f1ed by EPA or by the

~state upon receipt of a permit if the major source is located near

(ﬁsﬁaT]y within 100 km of) a Class I area or if the facility would
violate increments or affect the air quality related values at the
Class I area. Air quality related values (AQRVs) include visibility,
odor, flora, fauna, geological resources, archeological, historical,

~ and other cultural resources, and soils or water quality resources

(Christiano, 1985; p.3).
- ‘Applications for new or sources impacting Class I areas should
“contain: a) a complete flora and fauna inventory of the subject area,
b) vegetation/habitat maps of the subject area, c) a listing of the
Federal and state endangered and threatened species, d) a listing of
soil types of the subject area, and e) water chemistry data of open
water bodies in the subject area. This information and the following
types of studies are used to determine the presence of AQRVs and the
potential for adverse impacts: a) examination of‘f]ora and fauna for
sensitive species, b) examination of flora and fauna for bioindicator
species, c) field evaluation of the sensitive bioindicator species for
presence of current injury;symptoms, d) determination of locations and
sensitive species in relation to the proposed air pollution source, e)
determination of potential for injury to endahgered and threatened

3-44
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By using average 30-day emission rates to calculate maximum 3-hour ' ‘
concentrat1ons, the maximum 3- hour em1ss1on peaks are smoothed over,
- - rest ca]cu]ated 3- hour max1mum concentrat1ons that are Tower
‘ o tﬁéﬂ*{f ‘ “hort term peak em1SS1on values are used. The same logic
argues. ‘against the use of any average em1ss1on rate to estimate the ”?
max1mum concentrat1on for a shorter tqme perxod ‘ "
A d1vergence ex1sts between ‘the' NSPS em1sswons rate averag1ng
t1me for fossil fuel fired: ut111tysteam generat1ng units and the PSD
em1ss1ons rate' averaging time requ1rements for these same units.
Protectxon of the PSD S0, 1ncrementswrequ1res emission limits with
averag1ng times no longer than 'the averaging times for the increments.
Thus, ‘tompliance with a 3-hour Sozwinbfément~requires an emissions
e Timit averaging time of 3 hours or'less. The same logic applies to
: proiectidn of the 24-hour increments and NAAQS.
~ However, some NSPS emission Timits require;SOz_gompliance testing
against the existing numerical NSPS limits but requires compliance

]

L

s S e T S N e

ﬁ demonstrations on a continuous basis. Sulfur dioxide emissions would

B be calculated on a rolling 30-day average basis instead of a

FE short- term (approximately 3- hour) stack test. ‘ | [}‘
- S On June 11, 1979, EPA promulgated new requirements for electric ‘
gz uti]1ty boilers (44 FR 33580, Subpart Da sources). These requirements E?
ok e

specifﬁed a rolling 30-day average NSPS for,SOz for new Subpart Da

-sources. PSD permits, although intended to protect short-term as well

as Tong -term increments, may specify onTy the rolling 30 -day average

'NSPS.as an SO2 emission 11m1tat10n.p : ’ ,

If already issued PSD permits do not contain or incorporate by

reference short-term SOZ emission limits that are‘adequate‘to protect
- short-term increments and NAAQS, the review agency should take the

following action: '

1

]

[

]

1) Reassess short-term impacts for all sources on the basis of E}
maximum anticipated short-term emissions and take these new
1 ' . increment consumption Tevels into account in future PSD permit E}
: analyses. ' '
f i
3-43
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TABLE 3-18. CONTROL TECHNOLOGY APPLICATIONS FOR WASTE DISPOSAL SITES?

Emission Points Control Procedure Efficiency

Handling( Keep‘material wet 100%
Covered or enclosed,hauling No estimate
Minimize free fall of the material No estimate

Dumping Spray bar at dump area 50%

Wind Erosion

Grading

Minimal free fall of material
Semi-enclosed bin

Covering with dirt or zizble
material

Chemical stabilization

Revegetation

Rapid reclamation of newly
filled areas

watéring

No estimate
No estimate

100%
80%

25-100%
No estimate

50%

qSource: Purcell, 1985; p. 3-58.
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TABLE 3-17. CONTROL TECHNOLOGY APPLICATIONS FOR PLANT ROADS? -
Emission Points Control Procedure ' Efficiency L
Paved streets . Street cleaning . No estimate L
o Housecleaning programs to
reduce deposition of material K
on streets - -
VacuUm street sweeping (daily) 25% I
Speed reduction Variable ~
B ™
é Unpaved roads Paving ' 85% uj
Chemical stabilization 50% ‘
] Watering 50% |
. Speed reduction - - Variable
%“ Oi1ing and double chip surface 85% E]
£ Road shoulders Stabilization ' 80% [z
%4
gg qSource: Purcell, 1985; p. 3-54.
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TABLE 3-16. CONTROL TECHNOLOGY APPLICATIONS FOR OPEN STORAGE PILES?

Emission Points Control Procedure Efficiency
Loading onto pi]es" Enclosure | 70-99%
‘ Chemical wetting agents or foam 80-90%
Adjustable chutes 75% i
Movement of pile Enclosure 95-99%
Chemical wetting agents 90%
Watering 50%

Wind erosion

Loadout

Traveling booms to distribute
material

Enclosure

Wind screens

Chémica} wetting agents or foam

Screening of material prior to.
storage, with fines sent
difect]y to proceésing or to
a storage silo

wafer spraying‘f
Gravity feed onto conveyor
Stacker/reclaimer

No'estimate

95-99%

very Tow
90%

No estimate

50%
80%
25-50%

~ 3gurce: Purcell, 1985; p. 3-56.
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TABLE 3-15. SUMMARY OF CONTROL EFFECTIVENESS FOR CONTROLLING B
‘ ORGANIC AREA FUGITIVE EMISSION SOURCES -
—

‘ Control
o ‘ o Control : - . Effectiveness 1
Emission Source Technique/Equipment Modification : (percent) L
Pumps | Monthly leak detection and repair o ' 61 B
‘ Sealless pumps ' 100 B

Dual mechanical sesls 100
Closed vent system 100 —
Valves —
' - gas ~ Monthly leak detection and repair . 73 _?
b Diaphragm valves 100 L
i - Tight liquid Monthly leak detection and repair 46 {j
; Diaphragm valves 100 L
= Pressure relief Rupture disk b 100 -
ii valves Closed vent system 100 |
B Opgn-énded lines Caps, plugs, blinds 100 -
é& Compressoré . Mechnical seals‘With]vented degassing 100 uj,
: o reservoirs b

£ ' ‘ . - Closed vent system™ - , ’ 100 -
- Sampling connections Closed purge samp]ing 100 =~
g — b
& o gSource: Purcell, 1985; p. 3-24 e

Closed vent systems are used to collect and transfer the fugitive emissions to
add-on control devices such as. flares, incinerators, or vapor recovery systems. !
: . ]
)

1

.
-

1
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e
1

and both criteria and non-criteria pollutants subject to de minimis
guidelines. The reviewer must ensure that calculations are reasonable
-and correct for uncontro]]ed and- contr011ed emlss1ons and emission
reductlons F1gure 3-3 and Tab]es 3- 15, 3- 16 3 17, and 3-18 show
typ1ca1 control eff1c1enc1es for var1ous em1ss1on contro] devices and M
procedures. wh11e these tab1es cannot be taken as absolute numbers, [3
they do provide genera] gu1dance as to what can be expected.

. Permit off1c1a}$ shou]d be aw fe‘of proposa]s that attempt to
Ju§t1fy unusually hmgh or low contro] eff1c1eney:: At either extreme
vefficiency, and fmr al] po1nts in between, the proposed BACT must
b‘ﬁJust1f1ed by ana1y21ng its ec0n0m1c, energy,*and env1ronmenta1
1mpacts Low eff1c1ency controls are most 11ke1y for fugitive and
‘area emission sources PSD perm1ts that attempt to justify extremely
hxgh control 1eve1s should also. be exam1ned closely, espec1a11y in
borderllne cases where a s]1ght1y Tower | contro? efficiency might

change the resu]ts of the: mode11ng and BACT analyses.

¥ 4
Eog
E i

L]

L]

o1

-

]

3. 4 4 BACT Enerqy And Envxronmenta] Impacts
" The energy and environmental 1mpacts associated with each control
“‘a]ternat1ve are often xgnored or given only cursory treatment. Both
-energy and environmental 1mpacts for every control technology must be
addressed, even if the est1mates are only'qualttatlve For processes
that produce toxic air. po]]utants, the health impacts of those

L1

L1

pol]utants should be addressed. Even controls such as fabric filters M
~or high eff1c1ency ESPs, whlch‘are generally regarded as the "best” L
controls (for PM), must be examtned for possxb]e detrimental economic, m
energy, or env1rcnmenta1 1mpac#s. .

3.4.5 Mode11nq Cons1derattons :
The PSD permit reviewer szt ensure that modeling of short and []

Tong-term maximum pollutant concentrations has been performed -
correctly. Oftentimes;'review‘agemcies use an emission limit to
determine 3-hour and 24-hour ambient air impacts but do not specify
the averaging time for the emigsions Timit. For example, it wou]d be
~incorrect to model peak 3-hour or 24-hour concentrat1ons of a
pollutant using the 30 day average emission rate for that poliutant.

3-37
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here HighIight‘possibTe methods for evaluating the health risks
imposed by TAPs.
3.4 ADDITIONAL PSD CONSIDERATIONS

Toxic air po?lutants are an area that will gain the increasing
attentwon of PSD permit. off1c1als during the next few years. However,

there are additional, often overlooked, portions of PSD permits that
should be scrutinized.

3.4.1 BACT Control Options .
One.of the first BACT related items tc examine in PSD permits are

“each pollutant’s proposed control options. Each BACT option should be

include an examination of: emission control costs, emission estimates
and control efficiency, energy and environmental impacts, permit
timing and limits, modeling, and additional impacts analysis. Each of
these factors is discussed below along with a section that explains
how to review multi-phase project BACT determinations.A However,
evidence should be provided to verify that the PSD applicant has
examined all tethnica11y feésib]e control options that control
emissions of the PSD pollutant greater than the base case. This is
especially true when em1ss1on units are modified and only the

“applicant can acurately assess the costs and benefits of contruT

options that may be app]wcabie to the specific case.

3.4.2 BACT Costs
Each PSD permit application will contain BACT control costs that
require close scrutiny. In many PSD permits, BACT control costs are

not diééggregated enough to allow examination of the costing process.

Drsaggregat1an enables the reviewer to determine the time frame and
site spec1f1c1ty of the costs and to check for double- -counting. A
common pitfall in BACT costing involves using different cost periods
or different inflation/deflation rates. Cost estimates should be
discounted or inflated to the same base year and all costs should be
specific to the site, state or region in question.

3.4.3 BACT Emission Estimates
Emission estimates should also be scrtinized. A1l potential

emissions need to be included: process, -area, and fugitive emissions
3-36




TABLE 3-14. SAFETY FACTORS USED TO DERIVE ACCEPTABLE AMBIENT
* CONCENTRATIONS FROM OCCUPATIONAL LIMITS (Continued)

State or Locality . to upational-Limit Averaging Time
Vermont 0.24% (1/420) 24 hour or 1 year
depending on
pollutant
-Virginia 1% (I/IOG) for carcinogens 24 hour
! ' 1.7% (1/60) for non-:" 24 hour
i ' carcinogens
: Wisconsin 2.4% (1/42) NAZ
C Wyoming® ’ 2.4% (1/42), 2% (1/50), 1 year, 24 hour,
: : 0.33% (1/300) 1 hour
SCAQMD, California 100% for slected 8 hour
pollutants E
» Philadelphia, 0.24% (1/420) or 2.4% 1 year
“ Pennsylvania (1/42) ‘ ~
- f Lrentative: program in preparation.
£ 2ot available at the time?qf'this writing.
ST 3As reported in Radian Cokporation,v"SurVEy of State and Local Agency
' Programs for Control of Toxic Air Pollutants,"” Draft Report, Prepared
& for U.S. EPA, Office of Air Quality Planning and Standards, State and
5 ‘ Territorial Air Pollution Program Administrators, and Association of
. Local Air Pollution Control Officials, June 8, 1983.

Page 20). o 7
Source: Smith, 1985; p. 28-29

3-35

4New York has the flexibility to use shorter averaging times than those
" specified when the pollutant of concern has short term acute effects.
(Reference New York State Department of Environmental Conservation,
1985-86 Edition Air Guide-1, Division of Air Resources, Albany, NY.
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TABLE 3-14.

SAFETY FACTORS USED TO DERIVE ACCEPTABLE AMBIENT
CONCENTRATIONS‘FROM50€CUPATIONAL LIMITS

~ Conecticut

‘New Hampshire

‘State or Locality

Safety Factor Applied
to Occupational Limit

Averaging Time

Alabama

Arkansas

1

Georgi‘a1

IT1inois

‘quianal A

Michigan

"Minnesota
Mississippi
Mantana

"Nevada

1

New York

Rhode Istand!

‘ “30uth Carolina

Texas

2.5% (1/40)
1% (1/100)

0.5% (17200}, 1% (1/100),

or 2% (1/50), depending
on pollutant group
0.33% (1/300) if known
human carcinogen, 1%
(1/100) if not known
human carcinogen

0.33% (1/300) for non
carcinogens . ‘

i%~(1/100)

1% (1/100) for selected
pollutants

1% (1/100)
3.3% (1/30), usually
2.4% (1/42)

10% (1/10)

1% (1/100)

'0.33% (1/300), 2%

- (1/50) depending on

toxicity category

1% (1/100).

©0.24% (1/420)

1% (1/100),

© 0.1% (1/1000)

NA

1 hour
24 hour

8 hour
24 hour
24 hour

24 hour

8 hour

8 hour

NAZ

1 year3

8 hour
2

1 year4

24 hour

NAZ

30 minute
1 year

3-34
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considered. In these areas, periods for recuperation and repair will

not ex1st Therefore, a safety factor is necessary to reduce the TLV
to account for such contlnous exposures (Rad1an 19853} .-

Safety factors 'so1used to account for exposure of sensitive
subpopu]at1ons, such‘as young?”h11dern or the elderly, who may be more
susceptible to aduerse effect‘”at Tower concentrations than healthy
workers assumed in the. deve]opment of TLVs. Safety factors may be used
to reflect the fact that amb1eht air may contain mixtures. of
pollutants that may have synerg1st1c or additive effects, or when
there is the potential: ex1stence of background concentrations of the
substance. In add1t10n, safety ‘factors reflect the principle that
workers are exposed as a condition of employment while exposure of the
general population is 1nv01untary (Radian, 1985a).

There is no consensus onlwhat factors should be used to reduce
TLVs. Table 3-14 shows the fractions appiied to TLV’s and the
averaging periods used“by state agencies and air quality regions.

Some states such as Alabama and Arkansas apply the same fraction to
all toxic substances. ' Other states use different TLV fractions,
depending on pollutant toxTCIty, For example, New. York .uses 1/300 of
the TLV fog substances of:highhor moderate toxicity and 1/50 of the

" TLV for substances of Tower toxicity (Smith, 1985;:pp.28-29).

The primary justification for using different TLV fractions is
that some substances cause acute, reversible effects while other
substances cause chron1c, irreversible effects. Local conditions such
as the existence of toxic substances in the ambient air and the
potential for population exposure should also be considered if this
approach is used. '

The last and most_expensive'option for dealing with the risk of
exposure to TAPs involves a full-scale exposure analysis using models
designed specifically for this purpose. This option shou?d be
reserved for extreme s1tuat1ons since the cost and time requirements
can be high to collect data and run these models.

The health risks posed,by poliution of the ambient air by TAP
concinues to grow in importance. The suggested techniques described

3-33
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A number of options exist to assess the risk of exposure to TAPs.
TAPs control could be used as the deciding factor to determine BACT
when an analysis of two. or more BACT alternatives shows no clear

" favorite. If one of the control alternatives is more efficient at

capturing TAPs, then that alternat1ve could be c]assxfxed as BACT.
This option is relatively s1mple to use because 1t does not requ1re
the use of TLVs or URFs. .

Another option to assess TAP r1sk involves ch0051ng a control
level that minimizes exposure .to po]1utant(s) with the highest URF’s
For examplie, assume a part1cu1ar process produces PM emissions
containing chromate; and nickel su1f1de, two known human carCTnogens
Also assume that two control optxons are avallable, ne1ther of which
is clearly favored in terms of - cost and overa]] PM contro] Since
chromium has a higher URF and. therefore is. more potent the control

option that contro]s chromium to the hlghesF ]evel m1ght be chosen as

~ . BACT for-PM.  One drawback to th]S approach is that the combined risk.

of all TAPs for a chosen BACT option may actua]]y outwe1gh the next

best alternative. |
The above approache could be used to deal with carcinogenic TAPs

“but they are inadequate for dealing wjtb.nonecarcinogenic substances.
" An approach to deal with both carcinogenic and non- carcinogenic
" substances would be to. follow the examp]e taken by certain states in
“regulating TAPs. States with ex1st1ng TAP regulat1ons general]y

prohibit a source to emit TAPs in an amoun* ~“aan maximum predicted

.. concentration exceeds a predeterm1ned{frae,,o? of the TLV.

States that use TLVs to develop acceptab]e amb1ent concentrations
typically apply a factor to the TLV- TWA The factor may account for
time and safety considerations.

When ACGIH develops TLVs for occupational exposure, it assumes
that workers will not be exposed to the substanee when they are not
working. During these periods of no exposure, the worker’s body will
repair most of the damage incurred during periods of exposure. In
contrast, when developing acceptable ambient concentration levels,
continuous exposure. to residents of neighboring areas must be

3-32
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the Envxronmenta] Protection Agency; TLVs by the American Conference
of Governmental and Industrta] Hygienists (ACGIH). The URF measures
the_" “as”dhcancer risk of a person ~exposed to one: m1crogram per

cubi of:a'c”¥E1nogen1c TAP ‘overa’ per1od of 70. years. ‘The TLV-
rgp% i sound' of ‘ai borne concentration ofa substance to
which ﬁbeTteved ‘WO kers may‘repeated]y be exposed w1thout adverse

effects ( bd1an, 1985; pp. 7-8: ACGIH, 1984)
mary”d errence between the URF and the TLV is that the

nts a t resh 'd”dosage beTow which no risk exists. In

pOSS1b1e;f1rdm a comb1nat1on of these. The basis for TLVs dlffers
from substance to substance. For example, some TLVs are based on
protectron agalnst 1mpa1rment of - heaith while others are based on

. reasona; el freedom from irritation. . The amount and nature of the
' 1nformat1on avatlab1e for establishing a TLV varies from substance to

substance The Amer1can Conference of Governmental and Industrial
Hygxenlsts (ACGIH) urges’ users of TLVs to review the supporting
documentatxon to understand the extent of the data available for a

ngen substance. ACGIH publashesbtb1s ‘documentation in Documentation

resho1d L1m1t Va]ues TLvs aré reviewed regultarly by ACGIH
and rev1sed as new data show‘reV151ons are warranted (Radian, 1985a).
The ACGIH uses the term "time WEIthEd average TLV" (TWA- TLV)

for an 8 hour day, 40- hour week exposure’period. STEL refers to the
short term exposure '1imit" or the maximum concentration safe for
per1ods up to 15»m1nutes ‘A STEL is specified by ACGIH for some
substances with recognwzed acute effects to supplement the TWA Timit,
because the TWAs are based pr1mar11y on toxic effects from longer
exposures. The TLV-C (ceiling) represents the concentration that
should not be exceeded even instantaneously (Radian, 1985a).
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© TABLE 3-13. CURRENT CONTROL METHODS FOR VARIOUS INORGANIC VAPORS®

f=

__ABSORPTION -

ADSORPTION

Réportéd Removal

Inorganic Vapor

Efficiency (%)

Solvent

Reported Removal
Efficiency (%)

Adsorbent

31 i o i

Mercury (Hg)
Hydrogen chloride
(HC1)

Hydrogen sulfide
(HZS) .

Calcium fluoride
(CaFZ)

Silicon tetra-
fluoride (SiF4)~

Hydrogen fluoride
(HF} .

Hydrogen bromide
(HBr)

Titanium
tetrachloride (TiC14)

Chlorine (Clz)

Hydrogen cyanide
(HCN) ‘

95"
95
98
95
95

85-95

99‘95

99

90

Brine/hypochlorite

solution

Water

Sodium carbonate/

Water

Water
Water

Water

"~ Water

Water

- Alkali solution

99 Calcined alumin:

Squur-impregnat i
activated carbon

Ammonia-impregnate
activated carbor .

Ammonia-impregnate
activated carbor

3Source: Purcell, 1985, p. 3-17
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sensitive to changes in VOC content, emission stream flow rate, and
the temperature of the coolant. In addition, the condensed VOC must be

‘,,‘exther -recycled; or. dvsposed of .. Usual]y, condensed toxic po?]utants
“jw111 create a spec1a1 hand11ng prob]e no‘matter wh1ch dxsposa] method

3.3.5 T x{c Inorqanwc Vapor Control

In addition to toxic PM and vVoC spec1es, inorganic vapors are an
additional source of TAPs. Inorganic TAP vapors typcially include
gases such as ammonia,‘hydfogen sulfide, carbonyl sulfide, carboq
disulfide, metals with hydride and carbonyl complexes, cholorides,
oxychlorides, and cyanides. « “

Control options applicable to inorganic vapor emissions from
point sources are primarily limited to absorption (scrubbing) and
adsorption. Although combustion can be used for certain inerganic
TAPs (e.g., hydrogen shlfide,,carbonyl sulfide, nickel carbonyl},
typical combustion techniques such as incineration are generally not
used. '

‘The applicability of absorption and adsorption as control methods
depends on individual emission stream characteristics. Removal

_efficiencies are determ1ned by the physical and chemical prcpertles of

the TAP under consideration. ‘

Table 3-13 shows currently accepted control methods for various
inorganic vapors. For absorption, typical removal efficiencies
associated with various solvents are shown. Similiarly, for
adsorption, removal efficiencies associated with various adsorbents
are shown.

3.3.6 Methods For Estimating TAP Risk

Understanding techniques to control TAPs represents only part of
the TAP problem. Methods to assess the risk of exposure to toxic
substances must also be devised. ) ‘

Two techniques that have been developed to measure the risk of
human exposure to toxic substances include threshold limit values
(TLVs) and unit risk factors (URFs). URF’s have been developed by

3-29
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- Acutely Toxic Chemicals -

Alphabetic List of Common Names and CAS Numbers

Common Name

Pyridine, 2-methyl-5-vinyl-
Pyridine, 4-amino-

"Pyridine, 4-nitro-, l-oxide

Pyriminil

Rhodium trichloride

Salcomine

Sarin

Selenium oxychloride

Selenous acid

Semicarbazide hydrochlorlde :
Silane, (4-aminobutyl)diethoxymethyl-
Sodium anthragquinone-l-sulfonate
Sodium arsenate

Sodium arsenite

Sodium azide (Na(N3))

Sodium cacodylate

Sodium cyanide (Na(CN))

Sodium fluoroacetate B
Sodium pentachlorophenate
Sodium selenate

Sodium selenite

Sodium tellurite

Strychnine

Strychnine, sulfate .

- Sulfotep

*» % ¥ ¥ *

¥

Sulfoxide, 3-chloropropyl octyl
Sulfur tetrafluoride

Sulfur trioxide

Sulfuric acid

TEPP

Tabun

Tellurium

Tellurium hexafluoride

Terbufos

Tetraethyllead

Tetraethyltin
Tetranitromethane

Thallic oxide

Thallous carbonate

Thallous chloride

Thallous malonate

Thallous sulfate

Thallous sulfate

Thiocarbazide _
Thiocyanic acid, (2-benzothiazolylthio)methyl...
Thiofanox

Thiometon

Thiconazin

Thiophenol

Thiosemicarbazide

CAS Number

00140~76~1
00504~24-5
01124~33-0
53558~25-1
10049~07-7
14167-18-1
00107~44-8
07791~-23-3
07783-00-8
00563-41-7
03037-72-7
00128-56-3
07631-89-2 |
07784-46-5
26628-22-8
00124-65-2 |
00143-33-9
00062-74~8 |
00131-52-2
13410-01-0
10102-18-8
10102-20-2
00057-24-9

. 00060~41~3

03689-24-5
03569-57-1
07783-60-0
07446-11-9
07664~93-9
00107~49-3
00077~81~6
13494-80~-9
07783-80-4
13071-79-9
00078-00~-2
00597-64-8
00509-14-8
01314-32-5
06533-73~-9
07791~12~0
02757-18-8
07446-18-6
10031-59-1
02231-57-4
21564-17-0
39196-18-4
00640-15-3
00297-97-2
00108-98-5
00079-19-6

-
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“Acutely Toxic Chemicals

Alphabetic List of Common Names'and CAS Numbers -

Common Name

* Thiourea, (2-chlorophenyl)-

* Thiourea, (2-methylphenyl)-
Titanium tetrachloride -
Toluene 2,4-diisocyanate
Toluene 2,6-diisqcyanate

* Triamiphos

* Triazofos
Trichloro(chloromethyl)silane
Trichloro(dichlorophenyl)silane
Trichloroacetyl chloride
Trichloroethylsilane

* Trichloronate
Trichlorophenylsilane
Trichlorphon
Triethoxysilane
Trimethylchlorosilane

* Trimethylolpropane phosphlte
Trimethyltin chloride -
Triphenyltin chloride

* Tris(2-chloroethyl)amine
Valinomycin
Vanadium pentoxide
Vinylnorbornene
Warfarin
Warfarin sodium
Xylylene dichloride
Zinc phosphide

* Zinc, dichloro([4,4-dimethyl-5-[[[(methylamino)...
trans-1,4~Dichlorobutene

i
i

o
CAS Number L.

05344-82~1 '
00614-78-8
07550-45=0 |
00534-84-9§J
00091-08-7 &
01031-47-6
24017-47-8
01558-25-4 °
27137-85-5
00076~02-8
00115-21-9 | |
00327-98=0
00098-13=5
00052-68-6 | |
00998-30-1
00075-77-4
00924-11-3{;
01066=-45-1 _
00639~58~7
00555-77~1
02001~95-8
01314-62-1
03048~64-4
00081~81-2{ﬁ
00129-05~eha
28347-13-9.
01314-84~7 |
53270-08-9LJ
00110-57~6

]
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OTHER CHEMICALS

NAME

Acrylamide
Acrylonitrile
Adiponitrile
Ammonia

Aniline

Bromine

Carbon disulfide
Chloroform

Curene
Cyclohexylamine
Epichlorohydrin
Ethylene oxide
Formaldehyde
Hydrochloric acid
Hydrogen peroxide
Hydrogen sulfide
Hydroquinone
1sopropanol
Methanol

Methyl bramide
Nitrobenzene
Phosgene
Propylene oxide
Sulfur dioxide
Tetramethyl lead
Vinyl acetate monamer

CAS NUMBER

79-06-1
107-13-1
111-69-3

7664-41-7
62-53-3
7726-95-6
75~15-0

67-66-3

98-82-8
108-91-8
106-89-8

75-21-8

50~-00~-0
7647-01-0
7722-84~1
7783-06-4
123-31-9
67-63-0
67-56-1
74-83-9
98-95-3
75~44-5

- 75-56-9
7446-09-5
75~74-1

108-05-4




APPENBIX

KNOWN, PROBABLE, AND POTENTIAL
HUMAN CARCINOGENS
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[ o LIST OF TABLES
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C-1 Known Human Carcinogens. . . . . ... .
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&“:~<‘ ‘ C-2 Probable Human Carcinogens

- ~ C-3 Potential Human Carcinogens . . . . .
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SOURCE CATEGORIES BY SIC CODE AND
ASSOCIATED POTENTIAL TOXIC POLLUTANTS
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